Background Little is known about the prognostic ability of post-liver transplantation (LT) model for end-stage liver disease (MELD) score measurement in assessing long-term outcomes. The aim of the present study was to investigate this possible relationship.
investigated, there are only limited data concerning its relation with post-transplantation outcomes. Recently, the MELD score on postoperative day (POD) 5 was found to be significantly associated with the risk of death after hepatectomy [14] . This finding may lead to a better assessment of the severity of clinical risk scores and could be used to guide clinical decision-making concerning the medical management of patients. Therefore, in the current study we aimed to evaluate the prognostic ability of the post-transplantation MELD score in the prediction of longterm outcomes following LT.
Patients and methods

Patients
In this single-center retrospective cohort study, the medical records of 904 consecutive adult patients who underwent LT under a LT program (affiliated to Tehran University of Medical Sciences) between April 2001 and December 2018 were evaluated. Data were extracted from the LT research center database. All patients included were over 18 years of age. Patients listed for re-transplantation were excluded, as were those with acute liver failure. Demographic data were collected, including recipient age at the time of LT, donor age and sex, etiology of liver disease and indication for LT. Operation variables, including warm and cold ischemic time, duration of surgery, and quantities of packed red blood cells, fresh frozen plasma (FFP) and platelets transfused during surgery were gathered. The severity of liver cirrhosis was assessed using the Child-Pugh and MELD scores.
This study was approved by the local ethics committee of the Tehran University of Medical Science. The study was conducted in accordance with the Declaration of Helsinki and other applicable guidelines, laws and regulations [15] .
Measurements
Clinical information and laboratory values, including routine biochemical analysis (complete blood count), liver enzyme and function tests, serum total bilirubin level, serum creatinine levels and international normalized ratio (INR), were measured and recorded for all patients. MELD score was calculated using the following formula [16] :
3.78 × ln(T-bilirubin [mg/dL]) + 9.57 × ln(creatinine [mg/dL]) + 11.20 × ln(INR) + 6.43 × (0 if cholestatic or alcoholic, 1 otherwise).
The MELD score was measured daily from the first day after surgery until 20 days after transplantation. The MELD scores on POD 5, 9 and 15 were the highest peaks during the followup period. Therefore, the effect of applying post-operation MELD scores on POD 5, 9 and 15 as a predictor of mortality was examined using receiver operating characteristic (ROC) curves.
Surgical procedure and immunosuppression protocol
In this cohort, all patients who were included had undergone LT by the same surgical transplant team and were followed under the same surgical protocol. Liver were harvested from brain-dead donors and preserved in University of Wisconsin solution prior to transplantation. Our routine procedure is a piggyback technique with cavo-caval anastomosis in side-toside and end-to-end fashion. In patients with an enlarged liver associated with Budd-Chiari syndrome and a diagnosis of primary sclerosing cholangitis, the standard surgical technique was performed with cavo-caval end-to-end anastomosis. The end-to-end (89.2%) and Roux-en-Y (10.8%) techniques were used for the reconstruction of bile ducts.
The immunosuppression protocol was initiated with one gram methylprednisolone administration concurrently with the placement of the liver in the patient's body. Postoperatively, patients received conventional daily divided immunosuppressive doses of 200 mg methylprednisolone, tapered gradually during the first week, and then continued with 20 mg oral prednisolone. Oral mycophenolate mofetil and tacrolimus doses were administered on the first and second postoperative days, respectively, with a gradual increase in dosage until reaching an optimal dose. Patients were followed for the first month following surgery and closely monitored for any signs of infectious and noninfectious complications.
Statistical analysis
Continuous variables were examined for a normal distribution using the Shapiro-Wilk test. The t-test was used for independent numeric variables, while for independent nominal variables Fisher's exact test or the Mann-Whitney U test were used as indicated. Continuous variables were reported as mean ± standard deviation (SD) if normally distributed, or the median and 25 th and 75 th percentiles if non-normally distributed. In order to identify preoperative and postoperative risk factors for long-term mortality, univariate and multivariate logistic regression analyses were carried out using the following parameters: age, sex, etiology of cirrhosis, pre-operation MELD score, pre-operation Child-Pugh score, and the postoperative MELD scores. The impact of perioperative and postoperative variables on overall survival was examined using a univariate and multivariate Cox proportional hazards regression model. Survival analysis carried out using the Kaplan-Meier method. The log-rank test was used to compare the survival times between groups. The accuracy of pre-transplant and post-LT MELD scores for predicting mortality was evaluated based on ROC curves. The area under the ROC curve (AUROC) was calculated with 95% confidence intervals (CI). Values below 0.7 were suggestive of poor predictive value, while scores above 0.70 were considered a reliable test, while an AUROC of greater than 0.80 indicated excellent predictive accuracy [17] . The cutoff values were defined in line with the optimal sensitivity and specificity. All statistical analyses were performed using SPSS 18.0 (SPSS Inc.; Chicago, IL). Statistical significance was defined as P<0.05. 
Results
Characteristics of patients
A total of 826 patients were eligible to be included in the final analysis. During the follow-up period, 685 patients (80.7%) were still alive. Mean age at the time of operation was 43.44±13.98 years for all transplant candidates. The median follow-up time was 1175 days (range 5-4111 days). The most common etiology of liver cirrhosis was cryptogenic (18%), followed by hepatitis B (14%), autoimmune (13.9%), hepatitis C (13.4%), and primary sclerosing cholangitis (9.9%). The preoperative MELD scores were significantly higher among non-surviving patients compared to survivors (23.01±7.04 vs. 20.28±5.78; P=0.003). Similarly, non-surviving patients had higher MELD scores on POD5 and POD9 than survivors, whereas the postoperative MELD score on POD15 was not significantly different between non-survivors and survivors (16. Table 1 .
Sensitivity and specificity of post-operation MELD scores by AUROC
AUROC analysis was applied to determine the sensitivities and specificities of optimal cutoff points for the post-operation MELD score for predicting patients' survival. The AUROC curve obtained by plotting different cutoffs is shown in Fig. 1 .
The AUROC values for POD5 and POD9 during 5 years of follow up were 0.638 (95%CI 0.557-0.721) and 0.621 (95%CI 0.522-0.717), respectively. A cutoff point of 14 was obtained for MELD score on POD5. A cutoff point of 11.5 for the MELD score on POD9 was found to be optimal for predicting mortality. However, the sensitivity and specificity of these cutoff values reveal the limitations of this test in terms of differentiating between patients who died and those who survived (POD5 MELD score: sensitivity 68.4%, specificity 63.0%; POD9 MELD score: sensitivity 64.5%, specificity 63.7%).
When patients who were followed-up for more than 1 year were excluded, the AUROC values for POD5 and 9 were substantially increased to 0.712 (95%CI 0.614-0.811) and 0.682 (95%CI 0.571-0.798), respectively. A cutoff point of 14.5 was obtained for MELD score on POD5, which significantly differentiated between surviving and non-surviving patients during one year of follow up (Fig. 2) . The diagnostic performance of pre-and post-LT MELD scores at different time points during follow up is shown in Table 2 .
Survival analysis
The median time to death was 23 days, ranging from day 5 of transplantation to 3123 days following surgery. The overall mortality rate among patients was 13.6%. The main cause of death was sepsis (41.8%), followed by hepatic artery thrombosis (6.3%) and pneumonia (6.3%). Other causes of death are listed in Table 3 . A significant survival difference between patients with POD5 MELD score 14 or below was observed, as illustrated by the Kaplan-Meier survival curve (log-rank test P<0.001). The 1-, 3-, 5-and 8-year survival rates were 82.8%, 80.6%, 77.2% and 76.3%, respectively (Fig. 3 ).
Multivariate analysis of prognostic factors for survival
Univariate logistic regression analysis identified the following parameters to be significantly associated with mortality: donors' age, pre-transplant MELD score, POD5 MELD score, POD9 MELD score, quantities of packed red cells, platelets and FFP used, cold ischemic time duration, and operation duration (Table 4 ). Multivariate logistic regression analysis found only the POD5 MELD score (P=0.014) and operation duration (P=0.038) to be independent risk factors for mortality. In the Cox multivariate analysis (a stepwise forward conditional method), factors including MELD score on POD5 (hazard ratio [HR] 1.83, 95%CI 1.07-3.12; P=0.026), pre-LT MELD score (HR 1.064, 95%CI 1.025-1.104; P=0.001) and operation duration (min) (HR 1.004, 95%CI 1.003-1.006; P=0.013) were identified as independent risk factors for predicting overall survival (Table 5 ).
Discussion
Over the last three decades, survival following LT has significantly improved and has led to a steadily increasing demand for adult LT procedures. Therefore, there is an urgent need to construct a robust prognostic tool to optimize the distribution of scarce organs and offer them to appropriate candidates. MELD score has been used as a gold standard for predicting wait-list mortality in candidates with end-stage liver disease [18] . In addition, it was also shown that the posttransplant MELD score could be used as a prognostic tool in patients who underwent LT [19] . The aim of the present study was to measure MELD scores within the first 2 weeks following surgery and evaluate their ability to predict postoperative outcomes. Our results suggest that MELD on POD5 was independently associated with 1-year mortality; however, a cutoff point of 14.5 yielded an AUROC of only ∼0.71, indicating that MELD on POD5 was a poor predictor of post-transplant survival. To the best of our knowledge, the present study is the largest to examine the utility of immediate post-transplant MELD score in predicting the survival of LT patients. While postoperative MELD score can be affected by various factors independent of liver dysfunction, the parameters used in the MELD score can represent the overall well-being of the patient and therefore correlate with survival. In addition, our data showed that there was a significant correlation between mortality and patients' creatinine and INR. Therefore, the biggest effect was due to both liver and not only liver-related parameters. It should be noted that the findings presented in this study highlight the fact that conditions following calculation of post-LT MELD score may be responsible for later complications, including mortality. We measured MELD scores daily, which helped us identify the importance of MELD scores measured between the 5 th and 15 th postoperative days and we found that the MELD score in this population indicated a higher risk of mortality. These findings were important, as they assisted in the identification of possible underlying factors associated with early allograft dysfunction as well as being a poor prognostic factor following LT [20, 21] . Future studies are needed to identify other risk factors that lead to the early allograft dysfunction characterized by the post-LT MELD score. The measurement of MELD score after surgery has been reported by Rahbari et al [14] , who demonstrated that the MELD score on POD5 was independently associated with a 2-fold increase in mortality after hepatic resection (odds ratio 2.06, 95%CI 1.41-3.02), and that an AUROC value of 0.862 had excellent prognostic ability in predicting mortality. Likewise, another study done by Toshima et al [22] showed that the MELD score on POD2 with an optimal cutoff point of 19 was able to predict mortality and graft loss. Recently, Khandoga et al [23] reported that MELD on POD7 could reliably predict 1-year survival following LT (AUROC c-statistics: 0.73). The findings presented in our study generally support these data, and the predictive power of MELD score on POD5 (AUC: 0.712) could differentiate between survivors and non-survivors within 1 year post LT. In addition, these discrepancies in MELD score cutoff values, in terms of discriminatory performance, may be due to heterogeneity across different study populations. For example, Toshima et al [22] reported that the mean MELD score prior to transplantation was 17, whereas in our patient population we had a higher mean pre-LT MELD score of 21. It should be noted that the change in MELD (delta MELD) may provide a better evaluation of patients' status than absolute MELD score.
Death occurs more commonly within the first year following LT. The major risk factors responsible for the cause of death include primary graft dysfunction, errors in surgical technique, biliary complications as well as infectious complications [24] . These well-established complications may occur before, during or postoperative periods. The use of Cox regression analyses in this study revealed several additional risk factors (such as operation duration, pre-LT MELD, and MELD on POD5) that were significantly associated with patient survival and should be taken into consideration regarding the precise assessment of patient status following LT. These findings further support this notion that measurement of post-LT MELD score can help clinicians to a prompt decision as to whether there is a need for early re-transplantation. Moreover, neither the cold nor the warm ischemia time played a key role in predicting mortality. This finding may be partly due to lower intergroup variations in our patient population.
The study has several limitations. First, its retrospective nature means that unobserved potential confounders may exist that were not controlled for in the analyses. For example we were not able to assess the role of post-LT intensive care unit stay, pre-and post-LT patient care, and rehabilitation in mortality outcomes. Moreover, although we used a relatively large database, the causal relationship between variables may not be generalizable to larger populations because of the single-center design of the current study. Therefore, findings presented in this study should interpreted in the context of its limitations.
In conclusion, immediate postoperative MELD scores after LT may hold value in predicting mortality and could be used as a tool for the postoperative risk assessment of patients. Consequently, in the management of patients with high postoperative MELD scores, warning signs of infection, 
